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An 1image sensing device 1s provided with an image sensor
having one or more radiation-sensitive elements which
convert incident radiation into collected charges. A read-out
circuit converts the collected charges into pixel signals
which contain a hold level and an image level, the hold level
providing a comparison voltage and the image ievel being
representative of a charge quantity. The hold level is formed
by coupling the read-out circuit temporarily to a comparison
voltage; this coupling is done by closing a transistor which
adds thermal noise to the pixel signal. The image sensing
device comprises a signal processing circuit which com-
prises a clamp circuit which makes hold-levels of different
pixel signals substantially equal. The 1image level of each
pixel signal 1s offset by the same amount as its hold level. An
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1
IMAGE SENSING DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to an image sensing device com-
pnising a solid-state 1mage sensor with at least one radiation
sensitive element to convert incident radiation into an elec-
tric charge, a read-out circuit to form a pixel signal from the
electric charge, which pixel signal includes at least a hold
level and an 1mage level while the image sensing device
comprises a signal processing circuit to determine a differ-
ence signal representative of the difference between the hold
level and the image level and to derive an electronic image
signal from the difference signal. The invention also relates
to an x-ray examination apparatus which comprises an
image sensing device with a solid-state image sensor.

2. Description of the Related Art

An 1image sensor of said kind is known from the U.S. Pat.
No. 4,454,435,

The signal processing circuit of the known image sensor
18 arranged so as to form an electronic image signal from the
pixel signal by sampling a brief sample portion of the hold
level and another brief sample-portion of the image level.
The electronic image signal representative of the pixel-value
of the pixel in question 1s derived from a difference signal
representing the difference between said sample portions.
The electronic image signals of respective pixels are further
amplified and combined to form an electronic video signal
which 1s applied to an output circuit, which has the form of
an output pad. Consecutive pixel signals which relate to
different pixels of an image are separated by a reset-pulse at
the start of each pixel signal. The reset-pulse is caused by
cross-talk via parasitic capacitances when the gate of a reset
transistor is switched to clear the read-out circuit before an
electric charge is read-out, a comparison voltage being
applied to its source contact, and the drain contact being
connected to the output gate of the read-out circuit which
supplies the electric charges. Both sample-portions contain
the same noise contribution which is induced by the switch-
ing on of the reset transistor. Therefore, although the reset
transistor produces thermal noise, the thermal noise com-
ponent of the electronic image signal is partly reduced. Since
only bnief sample-portions are employed for the formation
of the difterence of these sample portions, the resulting
electronic image signal will still contain a substantial
amount of noise. Moreover, variations of residual charges in
the read-out circuit may also add noise to the difference
signal. As a consequence, the known image sensor is not
suitable for recording incident radiation of low intensity. The
electronic image signal formed by the known image sensor
when an image of low intensity is recorded will have a
signal-to-noise ratio which is not sufficient to discem rel-
evant details in the recorded image.

In x-ray examination procedures especially, insufficiency
of the signal-to-noise ratio of the electronic image signal is
a serious drawback. Since x-rays are to some degree harmful
to human tissue 1t is desirable to reduce the x-ray intensity
as much as possible; the luminous intensity of a visible light
image derived from an x-ray image is lowered correspond-
ingly. When such a light image is recorded by the known
image sensor, the resulting electronic image signal would
have a signal-to-noise ratio which is insufficient for forming
on a monitor or on a hard copy an image which has an
adequate 1mage quality for a physician to make a diagnosis.
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2
SUMMARY OF THE INVENTION

The invention has for its object, inter alia, to provide an
image sensing device which reduces the noise component of
the electronic image signal and which forms electronic

1mage signals for consecutive images at a relatively high
rate.

To achieve this object, an image sensing device according
to the invention 1s characterized in that the signal processing

circuit comprises a clamping circuit to relate the pixel signal
to a reference level.

The 1image sensing device according to the invention
comprises a solid-state image sensor with at least one
radiation-sensitive element. Each radiation-sensitive ele-
ment converts ‘incident radiation into an electric charge of
which the charge quantity corresponds to the intensity of the
incident radiation. The read-out circuit converts the electric
charge into a voltage variation which is employed as a pixel
signal. The pixel signal which is formed by the read-out
circuit includes a hold level which constitutes a comparison
voltage and an image level which is representative of the
relevant charge quantity. The hold level is formed by cou-
pling the read-out circuit temporarily to a comparison volt-
age source. The signal processing circuit is arranged so as to
form an electronic image signal from the pixel signals. To
this end, the signal processing circuit determines the differ-
ence between the image level and the hold level of each of
the pixel signals in order to form the difference signal. The
hold levels of different pixel signals may fluctuate some-
what, because thermal noise of the reset transistor and
variation of residual charges in the read-out circuit cause
noise in the voltage variation. The signal processing circuit
1s arranged sO as to reduce the noise components of the
electronic image. A clamp circuit is provided which relates
each pixel signal to a predetermined stable reference poten-
tial so that fluctuations of hold levels of different pixel
signals are eliminated and consequently -such fAuctuations
are not passed on to the difference signal from which the
electronic image signal is derived.

A preferred embodiment of an image sensing device
according to the invention is characterized in that the
clamping circuit comprises an offsetting circuit to set the
hold-level of the pixel signal to the reference level.

A relation of the pixel signal to a stable reference level is
established by adding or subtracting a DC voltage to or fror
the pixel signal to set the hold-level substantially equal to the
stable reference level. To clamp each pixel signal to the
stable reference potential the DC voltages which are added
to or subtracted from respective pixel signals may be dif-
ferent. In this way the pixel signal is clamped to the stable
reference level while the shape of the pixel signal is retained
so that the information content of the pixel signal, carded by
the image level relative to the hold level, is not affected. The
addition of a DC voltage to the pixel signal may be per-
formed in a comparatively short time, e.g. by the closing of
a switch for the duration of the supply of the hold portion to
the clamp circuit. The clamping of the pixel signal also
removes low-frequency noise components from the hold

level because the clamp circuit will follow slow variations of
the hold level.

A further preferred embodiment of an image sensing
device according 10 the invention is characterized in that the
clamp circuit comprises a low-pass filter to supply a low-
frequency component of the hold level to the offsetting
circuit.

A high-frequency noise component of the pixel signal is
reduced by applying the hold level to a low-pass filter so as
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to reduce the noise contribution of the hold level. Hence, the
noise component of the resulting electronic image signal is
also reduced. Image information is contained in the image
level. Since the low-pass filter 1s applied only to the hold
level of the pixel signal which does not contain image

information, the image information of the pixel signal is not
adversely affected.

A further preferred embodiment of an image sensing
device according to the invention is characterized in that the
signal processing circuit comprises an integrator for aver-
aging the difference.

The image level of each pixel signal contains image
information of a pixel of the sensed image. The i1mage
information is represented by the integral of the difference
between the image level and the hold level, and this integral
is representative of the charge collected at the relevant
radiation sensitive element of the image sensor. The inte-
grator forms the difference signal as a time-average of the
instantaneous difference between the image level and the
hold level. Since the integration averages-out fluctuations ot
the image level, the noise component of the difference signal
is substantially reduced. Notably, fluctuations which are first
within the time-scale of the duration of the pixel signal are
averaged-out and accordingly the high-frequency noise
component of the image level is not carried over the differ-
ence signal. Integration of a signal i1s a relatively time
consuming operation. The image sensing device according
to the invention, however, applies the integration only to the
image level of each of the pixel signals, so that the time
required by the signal processing circuit for the formation of
the difference signal and consequently of the electronic
image signal 1s comparatively short, for example as com-
pared with the performance of separate integrations of all
portions of the pixel signal.

It 1s another object of the invention to provide an x-ray
examination apparatus which comprises an image sensing
device for producing an electronic image signal of which the
noise 1s reduced when the x-ray dose is decreased and/or
when a succession of x-ray images is made at a compara-
tively high rate.

An x-ray examination apparatus comprising an Xx-ray
source for irradiating an object so as to form an x-ray image
on an x-ray image intensifier facing the x-ray source is
preferably provided with an image sensing device compris-
ing a solid-state image sensor with at least one radiation
sensitive element to convert incident radiation into an elec-
tric charge, a read-out circuit to form a pixel signal from the
electric charge, which pixel signal includes at least a hold
level and an 1mage level while the image sensor comprises
a signal processing circuit to determine the difference
between the hold level and the image level and to derive an
electronic image signal from the difference, and preferably
incorporates the signal processing circuit which comprises a
clamping circuif to relate the pixel signal to a reference
level.

The x-ray examination apparatus according to the inven-
tion comprises an image sensing device which reduces noise
of the electronic image signal. Hence, a sufficient image
quality can be maintained when the x-ray dose is decreased.
The 1image sensing device forms the electronic image at a
relatively high rate. Hence, x-ray examination apparatus
according to the invention is capable of generating a suc-
cession of x-ray images and of converfing them into a
succession of electronic image signals at a relatively high
rate.

These and other aspects of the invention will become
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4

apparent from and elucidated with reference to the embodi-
ments described hereinafter and with reference to the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a diagram of an x-ray examination apparatus
comprising an image sensing device according to the inven-
tion.

FIG. 2 is a diagrar
to the invention.

FIG. 3 1s a diagrammatic representation of the waveform
of an electronic signal for a single pixel.

of an image sensing device according

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

FIG. 1 is a diagram of an x-ray examination apparatus
comprising an image sensor according to the invention. An
x-ray source 1 irradiates an object 2, e.g. a patient who 1s to
be examined, with an x-ray beam 3 so that an x-ray image
is formed on the entrance screen 4 of an x-ray image
intensifier 5. The x-ray image intensifier S converts the x-ray
image 1nto a visible light image of increased brightness at
the output window 6 of the x-ray image intensifier. The
visible light image is detected by a video camera 7 which
derives an electronic video signal from the visible light
image. The image-carrying visible radiation which 1s emit-
ted by the output window 6 is imaged by an optical arrange-
ment 8 on the light sensitive face 9 of an image sensing
device 10 which is incorporated in the video camera 7. The
image sensing device 10 forms for each of the pixels of the
image an electronic image signal which 1s applied to an
amplifier 11 The electronic image signals for each of the
pixels are amplified by the amplifier 11 and are combined to
form an electronic video signal which may either be apphied
to a monitor 12 for viewing or to a buffer-circuit 13. The
electronic video signal may be supplied from the buffer-
circuit 13 to undergo further electronic processing steps.

FIG. 2 is a diagram of an image sensing device according
to the invention. The image sensing device 10 comprises a
charge-coupled device 20 i.e. a solid state image sensor
having a multitude of light-sensitive semiconductor ele-
ments which converts incident image-carrying radiation into
charge packets. The charge packets constitute an electronic
image which is derived trom the visible light image; at each
light-sensitive element of the image sensor the quantity of
the collected charge corresponds to the brightness-value of
the corresponding position in the visible light image. Each
light-sensitive element comprises a gate-contact 21. When
an image is sensed, a voltage of the opposite polarity to the
polarity of the collected charges is applied to the gate-
contacts 21, which are controlled by a gate-circuit 22. After
an image has been sensed by the charge-coupled device the
collected charges are read-out in a bucket-brigade fashion
controlled by the gate-circuit 22 to a read-out register 23.

Then the collected charges are transferred from the read-
out register to a node A. To this end, the read-out register is
coupled to a read-out gate-circuit 24 which reads out the
read-out register to the node A 1n a bucket-brigade fashion.
In this output scheme the node is preset to a predetermined
DC voltage which is applied by a reset-drain 25 via a
reset-transistor 26 which is rendered conductive during
application of a voltage pulse to the gate of the reset-
transistor 26. The reset-transistor 26 is then turned off and
atter a brief period of time the collected charge 1s dumped
to the capacitance of the node when the voltages of the
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gate-contacts 21 next to the read-out register 23 go low. The
gate of the reset-transistor 26 and the read-out gate circuit
are controlled by a timer-circuit 27. The read-out register 23,
the read-out gate circuit 24, the reset-transistor 26 and the
node A form the read-out-circuit 30 of the charge coupled

device 20. The voitage vanations at the node are supplied to
a read-out amplifier 28 which forms pixel signals which are
supplied to a further processing circuit 31.

FIG. 3 is a diagrammatic representation of the waveform
50 of the voltage variation which constitutes a pixel signal
supplied by the read-out amplifier 28. This pixel signal for
each pixel contains a reset-pulse 51 which is coincident with
the voltage pulse supplied to the reset-transistor 26 and is
caused by coupling of the voltage pulse which is supplied by
the timer-circuit 27 to switch the reset-transistor 26 to the
node via parasitic capacitances. Further, the pixel signal
contains a hold;level 52, which is formed durning the brief
period of time between turning off of the reset-transistor 26
and dumping of the collected charge to the node A and
contains an image-level 83, the difference 34 between the
hold level and the image level being representative for the
charge of the relevant pixel. The node A may not be preset
to the same level for different pixel signals because thermal
noise of the reset- transistor 26 induces noise in the voltage
variations at node A. The node A has a comparatively small
capacitance o achieve sensifivity to voltage variations
owing to the collected charges, which amount to small
quantities. As a consequence, the node A 1s also sensitive {o
thermal noise of the reset-transistor. Hence, differences
between hold-levels of pixel signals may occur which give
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reset-transistor 26 has been turned off, part of a charge
previously transferred to the node A may remain as a
residual charge on the node A. This residual charge may vary
as a function of the previously transferred charge.

The further processing of the pixel signals into an elec-
- tronic image signal 1s now discussed with reference to FIG.
2. The pixel signals are supplied to a switchable clamping
circuit 32. The clamping circuit 32 is controlled by the
timer-circuit 27 so as to activate the clamping circuit 32
while the hold:level 82 of each pixel signal is supplied to the
clamping circuit 32. The timer circuit 27 supplies an acti-
vation pulse to activate a low-pass filter 34 while the hold
level 1s supplied to the clamping circuit 32. The timer circuit
27 supplies the activation puise also to the switch 33. As a
result, the switch 33 1s closed as long as the activation puise
is applied to the switch. The switch 33 1s opened when the
activation pulse is turned off by the timer circuit 27. The
clamp circuit further incorporates an offsetting-circuit 35,
which supplies a DC signal to each pixel signal so as to make
the hold-level of each pixel signal substantially equal to a
reference voltage. The reference voltage 1s supplied to the
clamping circuit 32 by a reference source 36. The offsetting-
circuit 35 comprises a capacitor 37 which is coupled to the
reference source 36 by the switch 33. The switch 33 is closed
during the supply of the hold level of each pixel signal to the
offsetting-circuit so that the voltage across the capacitor 37
is made substantially equal to the reference voltage and
hence the hold-level 1s set equal to the reference voltage.
After the clamping of the hold level, the switch 33 is opened
and the voltage at the capacitor 37 remains, the 1mage level
of each pixel signal is offset by the same amount as its
hold-level. The low-pass filter 34 removes a high-frequency
noise component from the hold-level of each pixel signal.
The offsetting-circuit 35 wiil follow a low-frequency noise
component of the hold-level as i1t makes the hold-level
substantially equal to the reference value. The clamping
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circuit supplies clamped pixel signals which have a hold
level that is substantially free from noise and has a voltage
level which is substantially the same for each clamped pixel
signal. The low-pass filter may be integrated with the
off-setting circuit by coupling a resistance in series with the
capacitor 37. This low-pass filter 1s activated by closing of
the switch 33, which has for example the form of a transistor
which is controlled by the timer-circuit 27. When the resis-
tance of the switch transistor which forms switch 33 is made

low the offsetting circuit also performs the function of a
low-pass filter and hence the node A is in fact coupled to a
low-pass filter 34 of the clamping circuit 32 during the
supply of the hold-portion of each pixel signal. The voltage
variations which are transferred to the capacitor 37 from the
thermal noise of the switch 33 are made negligible because
the capacitor 37 has a comparatively large capacitance.

Each clamped pixel signal is applied to an integrator 38.
The integrator 38 is controlled by the timer-circuit 27. The
integrator 38 determines the difference signal as the time
average of the instantaneous difference between the 1mage-
level and the hold-level of the clamped pixel signal. The
timer-circuit 27 supplies a control pulse to the integrator 38
to activate the integrator 38 as long as the image level of
each clamped pixel signal is applied to the integrator 38. The
integrator 38 supplies the difference signal having the form
of an averaged difference between the image level signal and
the hold level of each clamped pixel signal.

The difference signal is supplied to a first sample-and-
hold-circuit 39 which supplies a sampled difference signal.
A second sample-and-hold-circuit 39 is provided which is a
closely resembling copy of the first sample-and-hold-circuit
38 and which samples a reference signal from a reference
source 41. The sampled reference signal 18 subtracted by
means of a differential amplifier 42 from the sampled
difference signal in order to reduce perturbations induced 1n
the sampled difference signal by cross-talk of switching
pulses supplied to transistors of the sample-and-hold-circuit
39 into the difference signal of sampling pulses of the
sample-and-hold-circuit 39. The copy sample-and-hold cir-
cuit 40 produces perturbations which are substantially equal
to the perturbations caused by the first sample-and-hold
circuit 39. The differential amplifier 42 produces the elec-
tronic image signal in which noise 1s reduced because
perturbations from both sample-and-hold circuits are to a
large extent mutually cancelled out.

We claim:

1. An image sensing device comprising a solid-state
image sensor with at least one radiation-sensifive element to
convert incident radiation 1nto an electric charge, a read-out
circuit to form a pixel signal from the electric charge, which
pixel signal includes at least a hold level and an 1mage level
while the image sensing device comprises a signal process-
ing circuit to determine the difference between the hold level
and the image level and to derive an electronic image signal
from the difference, characterized in that the signal process-
ing circuit comprises a clamping circuit including a low-pass
filter to relate a low-pass fiitered hold level of the pixel
signal to a reference level.

2. An image sensing device as claimed in claim 1,
characterized in that the clamping circuit comprises an
offsetting circuit to set the low-pass filtered hold level of the
pixel signal to the reference level.

3. An x-ray examination apparatus comprising an x-ray
source to irradiate an object so as to form an x-ray image on
an x-ray image intensifier facing the x-ray source, charac-
terized in that the x-ray examination apparatus 1s provided
with an image sensing device as claimed in claim 2 to
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convert a visible light image derived from the x-ray image
by the x-ray image intensifier into an electronic image
signal.

4. An image sensing device as claimed in claim 1,
characterized in that the signal processing circuit comprises
an integrator for averaging the difference.

S. An x-ray examination apparatus comprising an x-ray
source to 1rradiate an object so as to form an x-ray image on
an x-ray image intensifier facing the x-ray source, charac-
terized in that the x-ray examination apparatus is provided
with an image sensing device as claimed in claim 1 to
convert a visible light image derived from the x-ray image
by the x-ray image intensifier into an electronic image
signal.
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6. An x-ray examination apparatus comprising an x-ray
source to irradiate an object so as to form an X-ray image on
an x-ray image intensifier facing the x-ray source, charac-
terized in that the x-ray examination apparatus is provided
with an image sensing device as claimed in claim 4 to
convert a visible light image derived from the x-ray image
by the x-ray image intensifier into an electronic image
signal.

7. An image sensing device as claimed in claim 2,
characterized in that the signal processing circuit comprises
an integrator for averaging the difference.
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